1.
BACKGROUND AND INTRODUCTION
In this paper we describe an application of queueing theory to the problem of determining the number of WATS lines for a phone-order operation. We develop>ed the model in 1984 as part of the thesis project for one of us (Santos [5] 
Y-j(m-n) = X-j + C-.ij(m-n)
We then use these arrival rates in ( Now we can write the recursion for fi^^^^' for < n < m:
fin, = min {fim(n)} = fim^^im)-n and
gin, = fim -OF^(^, n,^ The arrival rate data define how many calls are received over the course of the day and when during the day they are received. As an illustration, a graph of these arrival rates appears in Figure 2 , which gives the arrival rate of calls for each fifteen minute interval over a day. There is remarkably little variation in the arrival rate pattern from day to day during the week, and the distribution has proven to remain stable over the past five years (although daily call volumes have increased). We considered the cost of operating the telephone system over the weekend negligible and therefore ignored it. We instead assumed that an average month consisted of close to twenty-two days, each with the same arrival rate of calls. From this data we divided the day into time blocks within each of which we assumed a constant arrival rate of calls. We needed a sufficient number of blocks to describe the changing rates throughout the day while having few enough blocks to keep the problem tractable. Natural breaks occur at 7:00 am, 5 :00 pm, and 11:00 pm when usage fees change. Since the absolute peak period is a major source of expense and represents the time when the greatest number of calls will be lost, it was necessary to isolate that period into a unique time block. We therefore broke the business day (7 am to 5 pm) into two blocks, one consisting of the peak period and running from 10:15 am to 12:00 noon, and the other consisting of the rest of the business day (i.e., 7:00-10:15 am and 12:00-5:00 pm). During the evening hours, the arrival rate of calls decreases monotonically from 40.9 calls per fifteen minutes at 5:00 pm to Bands a-n-ni-iv-v)
